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Abstract 
The paper calculated reference crop evapotranspiration (ET0) and analyzed its annual and interannual characteristics 
of Panjin Area in details based on the FAO56Penman-Monteith formula, and the daily mean meteorological data of 
fifty years between 1957 and 2006. The results showed that the peak of annual ET0 mainly appeared between May 
and September, and the curve fluctuated severer and more unstable with the increase of ET0. The interannual 
variation of ET0 turned to be periodicity with 5 years and the value of it appeared to have a decline trend. The value 
of interannual ET0 in summer and winter was the largest and the smallest respectively and it in summer turned to be 
downward trend apparently while it in other seasons turned to be stable trend basically. It provides references for 
local agriculture development. 
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1. Introduction 
Reference crop evapotranspiration (ET0) is defined as the evapotranspiration of green short stem crop 
with the same height between 8 and 15 centimeters, growing vigorous, covering entirely, and the 
sufficient soil water supply [1]. ET0 is the key parameter to estimate crop water requirement. The accurate 
calculation of ET0 plays an important role in water saving agriculture and efficient use of agricultural 
water resources. The current approaches for calculating ET0 can be fell into four categories, namely, the 
water surface evaporation method, temperature method, radiation method and comprehensive method [2]. 
 
* Corresponding author: Wenjuan SHI, Tel.: +86 13186143910. 
E-mail address: shiwenjuan@xaut.edu.cn. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Society for Resources, 
Environment and Engineering Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
332  Xuguang XING et al. / Procedia Engineering 28 (2012) 331 – 3352 Xuguang XING, Wenjuan SHI, Xiaoyu SONG/ Procedia Engineering 00 (2011) 000–000 
 
0
1
2
3
4
5
6
7
8
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375
Day Number
E
T
0
 
(
m
m
/
d
)
 
0
1
2
3
4
5
6
7
8
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375
Day Number
E
T
0
 
(
m
m
/
d
)
                               c 
 
0
1
2
3
4
5
6
7
8
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375
Day Number
E
T
0
 
(
m
m
/
d
)
                               a 
Based on energy balance and aerodynamic principles, FAO56Penman-Monteith method is widely used on 
account of its perfect theory basis and high calculation accuracy [3]. Meanwhile, this method is regarded 
as the standard computing method by FAO experts group [4]. 
Panjin City, a very important production base of rice, locates on the southwest area of Liaoning 
Province in China, and has relative warm climate as well as the rich agricultural resources, wetland 
resources etc. The paper calculated ET0 via FAO56Penman-Monteith formula and analyzed its 
development rule. It was expected to provide further information for rice production in Panjin Area. 
2. Calculating Method 
The FAO56Penman-Monteith formula is given as follows: 
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In which, ET0 is reference crop evapotranspiration, mm/d; △is slope at T of temperature-saturated 
vapor pressure curve, kPa/℃; Rn is net solar radiation, MJ/(m2d); G is soil heat flux, MJ/(m2d); γ  is 
hygrometer constant, kPa/℃; es is saturation vapor pressure, kPa; ea is actual vapor pressure, kPa; T is 
average temperature, ℃; u2 is wind speed at 2m height, m/s. 
3. Results 
3.1. Annual Variation of ET0 
3.1.1. Variation of ET0 of Sample Years 
In order to analyze the annual variation of ET0, the year 1960, 1980, and 2000 were selected as sample 
years. The curves of annual ET0 of different years were shown in Fig.1 to 3. 
 
 
 
 
 
 
 
 
 
 b   
 
 
 
 
 
 
 
Figure 1.Daily variation of ET0 in 1960 (a)  
Figure 2.Daily variation of ET0 in 1980 (b) 
Figure 3.Daily variation of ET0 in 2000 (c) 
333Xuguang XING et al. / Procedia Engineering 28 (2012) 331 – 335 Xuguang XING, Wenjuan SHI, Xiaoyu SONG/ Procedia Engineering 00 (2011) 000–000 3 
 
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
1950 1960 1970 1980 1990 2000 2010
Year
E
T
0
 
(
m
m
/
d
)
 
Figure 4.Daily variation of ET0 of multi-year average (left) 
Figure 5.Monthly variation of ET0 of multi-year average (right) 
 
It could be seen from the figures that the curve showed upward trend before the 148th day (May) and 
downward trend after the 250th day (September). The peak of annual ET0 mainly appeared duration the 
days from May to September which may due to high air temperature. Meanwhile, it was stable when the 
value of ET0 was small, however, the curve fluctuated severely and it was unstable when the value of ET0 
was large. 
3.1.2. Daily Variation of ET0 of Multi-year Average 
It could be further found that the curve fluctuated unobviously and turned to be stable by analyzing the 
daily variation of ET0 of multi-year average (Fig.4). Furthermore, two peaks of ET0 were found on the 
148th day (late May) and 250th day (early September) respectively which was agree with variation of ET0 
of sample years and the monthly variation of ET0 of multi-year average(Fig.5). As we know, ET0 is 
influenced by many factors, such as the highest air temperature, wind speed, etc.[5]. So the possible cause 
may be the coupling interaction of air temperature and wind speed which needs further research. 
3.2. Interannual Variation of ET0 
3.2.1. Yearly Variation of ET0 
Figure 6 showed that the interannual variation of ET0 varied greatly. The two maximum ET0 appeared 
in 1964 and 1989 respectively and four minimum ET0 appeared in 1963, 1975, 1984 and 2005 
respectively. Furthermore, ET0 had a significant decline trend from the 1957 to 2006, especially for ET0 
before 1990, and decline rate (i.e. the slope of the trend line) was -1.2446. In additional, the variation 
trend turned to be periodicity with 5 years. 
 
 
 
 
 
 
 
 
 
 
Figure 6.Yearly variation of ET0 
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3.2.2. Variation of Different Time Stages 
In order to analyze the change of ET0 with time in detail, the paper divided these 50 years in the range 
of 1957 ~ 2006 into 5 stages with every 10 years in one stage, at the same time, linear regression analysis 
of each stage was made(Tab.1). 
Table 1. Regression analysis of each stage from 1957 to 2006 
Stage Coefficient “a” Coefficient “b” Regression Equation 
1957-1966 0.952 -732 0.952 732y x   
1967-1976 -10.039 20883 10.039 20883y x    
1977-1986 -5.448 11856 5.448 11856y x    
1987-1996 0.532 41 0.532 41y x   
1997-2006 -19.248 39608 19.248 39608y x    
From Table 1, it could be found that coefficient “a” was positive but was close to zero in the regression 
equation of 1957-1966 and 1987-1996, which indicated that the curve remained relative stable; 
coefficient “a” was less than zero and “b” was large in the regression equation of 1967-1976, 1977-1986 
and 1997-2006, which indicated that the curve showed evident decline trend, and the decline trend in the 
range of 1997 ~ 2006 was the most obvious. 
3.2.3. Seasonal Variation of ET0 
There are different air temperature and sunshine hours etc. in each season, thus, ET0 is influenced by 
different seasons. The seasonal variation of ET0 plays an important role in guiding practice. The seasonal 
variation of ET0 could be found out through the curve in Fig.7. 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Seasonal variation of ET0 
 
Figure 7 showed that the value of ET0 of each season was different, and the value was the largest in 
summer and was the smallest in winter. The interannual ET0 in summer turned to be downward trend 
apparently while it in other seasons turned to be relative stable level. So it could be concluded that the 
decrease of ET0 with time was mainly caused by the summer factors. 
4. Conclusion 
The peak of annual ET0 appears between May and September, and the curve fluctuates dramatically 
and more unstable with the increase of ET0. The two maximum values of ET0 are found on the 148th day 
(late May) and 250th day (early September) respectively when the daily variation of ET0 of multi-year 
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average is analyzed. In different seasons among these years, the interannual ET0 in summer reduces by 
14.14% from 1957 to 2006, thus, its downward trend is the most obvious, while in others the trend is 
relative stable. The interannual variation of ET0 turns to be periodicity with 5 years and the value of it 
appears to have a downward trend and the decline trend in the range of 1997 ~ 2006 is the most obvious, 
and the decline happens mainly in summer. 
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